Abstract--The performance for x-ray spectrometry of argonxenon gas proportional scintillation counters using a CsI-coated microstrip plate in direct contact with the scintillation gas as a VUV photosensor is investigated for different argon-xenon mixtures. The GPSC/MSGC hybrid detectors filled with argonxenon mixtures present superior performance when compared to those with pure argon-and pure xenon-fillings. For these mixtures, the signal amplification due to the scintillation processes and the detector energy resolution may achieve values of 15-18 and 11-10%, respectively. Best energy resolutions can be achieved for mixtures with a broad range of xenon concentration, 20 to 70% Xe, being achieved for lower reduced electric fields in the scintillation region as the xenon concentration is reduced. As in pure argon or pure xenon gasfilling, the detector performance is limited by optical positive feedback resulting from additional scintillation produced in the electron avalanche processes around the MSP anodes. Best energy resolutions are achieved for positive feedback gains of about 1.1.
I. INTRODUCTION T he feasibility of detecting VUV photons using a microstrip gas chamber (MSGC) with the microstrip plate (MSP) coated with a thin layer of CsI as a photocathode operating in reflective mode was demonstrated by Zeitelhack et al. [1] , and the potential advantages of combining a xenon gas proportional scintillation counter (GPSC) with such MSGC as the photosensor replacement for the photomultiplier tube (PMT) was recognized [2, 3] . A significant advantage of such photosensor results from the possibility of operating the CsI-coated MSP in direct contact with the GPSC Xe-filling gas [2] , with the elimination of the GPSC scintillation window. Such GPSC/MSGC hybrid detector has been recently successfully operated [4] .
This hybrid detector presents an attractive alternative to PMT-instrumented GPSCs in applications where cost, compactness, detection area and power consumption are important. Additionally, integrated photosensors present a simple solution for operation at higher pressures than standard GPSCs. Although the energy resolution achieved with a xenon GPSC/MSGC hybrid detector (12% at 6-keV [4] ) is not as good as that of photomultiplier-based GPSCs (8% at 6-keV), the performance is already better than other xenon detectors based on charge amplification, i.e., proportional counters and MSGC. The advantages gained in compactness, ruggedness, reduced power consumption and relative insensitivity to operation in large magnetic fields [5] are in themselves desirable attributes.
The detector performance is limited by optical positive feedback resulting from the additional scintillation light produced in the charge avalanche at the MSP anodes in the absence of quenching, and by the poor conversion efficiency of VUV scintillation into photoelectrons. Improvements can be obtained using MSPs with larger cathode-to-anode gap spacing and larger cathode strips [6] .
Additionally, the low collection efficiency of photoelectrons emitted by the CsI photocathode in a xenon atmosphere (20 to 50% of that of vacuum for electric fields of 5 to 25 kV cm -1 above the photocathode surface [7] ) is one of the limiting factors of the performance of the xenon hybrid detector. On the other hand, the photoelectron collection efficiency in an argon atmosphere may reach values above 90% for electric fields above 5 kV cm -1 [8] . However, the photoelectron collection efficiency achieved in an argon-filled hybrid detector [9] was not as high as that achieved in Ref. [8] , the difference being attributed to the different energy distributions of the photoelectrons emitted by the CsI when irradiated by 185-nm light (used in Ref. [8] ) and 130-nm light (the argon scintillation) [10, 11] .
The improvement of the GPSC/MSGC hybrid detector performance may be achieved using argon-xenon mixtures as the filling gas.
Argon-xenon mixtures may present advantages over pure-argon and/or pure-xenon, combining the improved collection efficiency achieved in argon with the lower mean energy to produce primary electrons, the more favourable VUV photon scintillation (172 nm) and the higher MSP charge gain achieved in xenon [9] .
In this work we present experimental results obtained with a GPSC/MSGC hybrid detector filled with different argonxenon mixtures. Best experimental operation conditions, scintillation amplification and energy resolution will be investigated for each mixture.
II. EXPERIMENTAL SYSTEM
The GPSC/MSGC hybrid detector is depicted schematically in Fig.1 [4] . It features a 4-cm deep absorption/drift region and a 1-cm deep scintillation region separated by a mesh grid, G1 (80 µm diameter stainless steel wire with 900 µm spacing). The radiation window and the focusing electrode, F, are maintained at negative high voltage, -HV 0 , while the G1-grid and its holder electrode are kept at -HV 1 . The PMT commonly used as the UV-photosensor in GPSCs is substituted in this detector by a CsI-coated MSP, which is placed in direct contact with the GPSC gas-filling. The MSP is a CERN model MS-4, consisting of 10-µm anodes and 80-µm cathodes with a 200-µm pitch, fabricated of 0.2-µm thick chromium film deposited on a 500-µm Desag D263 glass substrate. The backplane is a flat, unstructured layer of 0.1-µm chromium. The backplane and cathodes are maintained at ground potential while a positive voltage, V a , is applied to all the anodes.
A 500-nm thick and 30 mm in diameter layer of high-purity CsI was vacuum deposited onto the surface of the MSP. Special care was taken to avoid water contamination of the CsI film: the MSP was heated at temperatures of about 100 ºC during one hour before CsI evaporation, the exposing time of the CsI film to air was less than 10 minutes, and the CsI film was heated under vacuum at about 80 ºC for 24 hours after the CsI-covered MSP had been placed inside the detector [12, 14] .
The electric field in the drift region is determined by the voltage difference between G1 and the radiation window while the G1 voltage determines the electric field in the scintillation region. The anode strips voltage determines the MSP gain.
The detector is filled with different argon-xenon mixtures at 800 Torr (1.07×105 Pa).
The ionizing radiation interacts in the absorption region and the resulting primary electron cloud drifts toward the scintillation region under the influence of a weak electric field (below the gas scintillation threshold). The electric field in the scintillation region is chosen to be higher than in the absorption region, but lower than the gas ionization threshold so that electrons can excite but not ionize the gas atoms. Upon crossing the scintillation region towards the MSP anode strips each electron will produce a large number of VUV photons as a result of the gas de-excitation processes. The scintillation light intensity is proportional to the number of primary electrons and, thus, to the x-ray energy. The VUV scintillation photons incident on the CsI-photocathode induce the emission of photoelectrons from the active areas, the cathode strips. The photoelectrons drift towards the anode strips producing charge avalanches in the intense electric field.
Thus, the CsI-coated MSP serves simultaneously as the GPSC collection grid for the primary electron cloud, the photosensor for the GPSC VUV scintillation, and the amplification stage for the photoelectrons. While the upper region, d 1 , functions as the uniform-field scintillation region of a conventional GPSC, the region d 2 (< 50 µm) functions as a standard MSGC. This hybrid system functions as a GPSC rather than a MSGC [2, 4] .
A 2-mm collimated 5.9-keV x-ray beam from a 55 Fe radioactive source, with the 6.4-keV K β -line absorbed by a chromium film was used to induce detector pulses. The anode pulses were pre-amplified with a CANBERRA 2006 charge-to-voltage preamplifier (sensitivity of 235 mV/10 6 ion pairs), linearly amplified with a TENNELEC TC243 amplifier (8-µs peaking time constants), and pulse-height analysed with a 1024-multichannel analyser. For peak amplitude and energy-resolution measurements, pulse-height distributions were fitted to a Gaussian superimposed on a linear background, from which the centroid and the full-withat-half-maximum were determined.
III. EXPERIMENTAL RESULTS AND DISCUSSION
The presence of the CsI-coating does not compromise the operation of the MSP, instead it results in a reduced substrate charge built-up since its semiconductive characteristics are comparable to those of the semiconducting glass substrates used for high-rate MSP applications [14, 15] . In Fig.2 we present the detector relative pulse amplitude as a function of the MSP anode voltage, V a , for the different argon-xenon mixtures while maintaining constant the electric fields in the drift and scintillation regions. Exponential functions (solid lines) are superimposed on the experimental results for comparison. As seen, the MSP gain depicts the characteristic exponential variation of the charge avalanche processes at the MSP anodes, until a faster increase departs from the initial behaviour, due to optical positive feedback resulting from additional scintillation produced in the electron avalanche processes which becomes significant for high V a voltages. The optical positive feedback limits the MSP maximum gain by limiting V a , since positive feedback introduces additional statistical fluctuations that lead to a degradation of the detector energy resolution. In Fig.3 we depict the detector energy resolution and relative gain due to positive feedback, G tot /G exp (where G tot is the measured total gain of the detector and G exp is the gain represented by the exponential function, The detector relative pulse amplitude and energy resolution were studied as a function of the reduced electric field E/p (the electric field intensity divided by the gas pressure p) in the scintillation region. However, the maximum achievable E/p was restrained due to insulation problems between the detector radiation window and the G1 holder and depended on the gas mixture, being about 5.5, 3.5, 4.0, 4.6, 5.5 and 6.5 V·cm -1 ·Torr -1 for pure argon, Ar-5% Xe, Ar-10% Xe, Ar-20% Xe, Ar-70% Xe and pure xenon, respectively. Figure 4 depicts the detector relative pulse amplitude and energy resolution as a function of the reduced electric field E/p in the scintillation region for the different argon-xenon mixtures, while keeping the reduced electric field constant in the drift region (at 0.3 V·cm -1 ·Torr -1 ) as well as the photosensor gain (at optimum value for each mixture). The solid curves serve only as a guide to the eye. The experimental results reveal the approximately linear trend characteristic of the GPSC secondary scintillation yield. Below the gas scintillation threshold pulse amplitudes become constant, the pulse height resulting only from the amplification of primary electrons in the MSP anodes.
In the region of high E/p different behaviors are observed for the different mixtures. For pure xenon and high Xecontent mixtures the detector pulses tend to saturate. This effect can be explained considering the electric field intensity at the CsI surface and its role in the extraction of the produced photoelectrons. The increase of E/p in the scintillation region results in a decrease of the electric field intensity at the CsI surface. Consequently, an increase of E/p in the scintillation region may not lead to an increase of the detected photoelectrons because of the strong dependence of the photoelectron collection efficiency on the electric field at the CsI surface in xenon atmosphere [7] . Since this dependence is not significant for high Ar-content mixtures and for CsI irradiation with 185 nm VUV photons [8] , the increase of the E/p in the scintillation region will not have a significant effect on the photoelectron collection efficiency and the detector pulse amplitude follows the characteristic exponential trend of the GPSC secondary scintillation above the gas ionization threshold. ). The solid curves serve only as a guide to the eye. Figure 4 shows the advantages of the hybrid detector with Ar-Xe mixture-fillings over those with pure Ar-or pure Xefilling. The amplification achieved in the scintillation processes for Ar-Xe mixtures can reach values 150% above those obtained for pure argon or pure xenon. Additionally, detector energy resolutions obtained with Ar-Xe mixturefillings are better than those obtained with pure Ar-or pure Xe-filling. Extrapolating the results depicted in Fig.4 for Ar-Xe mixture fillings to higher E/p values we estimated that values between 15-18 and between 11-10% can be obtained for light amplification and energy resolution, respectively, prior to the onset of the degrading effects from the presence of charge multiplication in the scintillation region [4, 16] . The achieved improvements result from the higher photoelectron collection efficiency of the photoelectrons emitted by the CsI photocathode operating in Ar-Xe mixtures when compared to pure xenon, and from the more favourable wavelength scintillation emitted by these mixtures (172 nm) when compared to that of pure argon (128 nm) [9] [10] [11] .
Xenon concentrations around 20% may produce somewhat higher light amplifications and slightly better energy resolutions. However, Xe concentrations as high as 70%, which have higher x-ray detection efficiency, can achieve about the same performance at higher reduced electric fields in the scintillation region.
IV. CONCLUSIONS GPSC/MSGC hybrid detectors filled with argon-xenon mixtures present superior performance when compared to those with pure argon-and pure xenon-fillings. For these mixtures, the signal amplification due to the scintillation processes and the detector energy resolution may achieve values of 15-18 and 11-10%, respectively. This improvement in the energy resolutions can be achieved for mixtures with a broad range of xenon concentration, 20 to 70% Xe, being achieved for lower reduced electric fields in the scintillation region as the xenon concentration is reduced.
As in pure argon or pure xenon gas-filling, the detector performance is limited by optical positive feedback resulting from additional scintillation produced in the electron avalanche processes around the MSP anodes, limiting the MSP gain for optimum operating conditions. Best energy resolutions are achieved for positive feedback gains of about 1.1, corresponding to V a voltages of about 220, 190, 210, 220, 300 and 360 V for pure argon, Ar-5% Xe, Ar-10% Xe, Ar-20% Xe, Ar-70% Xe and pure xenon, respectively. 
